Cobalt-based catalysts have been used to carry out a vast array of diverse carbon-carbon bond forming transformations, 1 and have recently found successful application in the rapidly expanding field of selective C-H activation. 2 Currently, development of cobalt chemistry is encouraged by the availability, low toxicity, and chemical versatility of the metal, enabling discovery of novel and highly atomefficient processes. One particularly well studied example, the use of cobalt(salen) complexes for Jacobsen hydrolytic kinetic resolution (HKR) of epoxides has become a mature mainstay of asymmetric total synthesis due to its wide substrate scope, scalability, and reliability in enantioselective preparation of epoxides, 3 including industrial applications. 4 Recently, we reported that the known ring expansion of homochiral epoxide 1 using ylide 2 to give oxetane 3, 5 was found to unexpectedly deliver homoallylic alcohol 4 as the sole product (Scheme 1). 6 Careful investigation of the reagents eventually implicated traces of cobalt catalyst 5 (Figure 1) remaining from prior HKR of the epoxide as the caus-ative agent of this diverted reactivity. Rigorous removal of cobalt salts from 1 by Kugelrohr distillation restored the expected ring-expansion pathway to give oxetane 3. Control experiments also showed that re-submission of oxetane 3 to the reaction conditions gave no reaction, and therefore this compound was not an intermediate en route to 4. Our initial findings suggested that traces of other cobalt salts were similarly able to completely divert sulfoxonium ylide mediated ring expansion to homoallylic alcohols. In order to further confirm this finding, a wide range of transitionmetal catalysts have been screened for their influence on the reaction, under the optimised reaction conditions (Table 1). These data were observed to strongly corroborate the initial observation. A number of catalysts that were examined either partially or completely suppressed the reaction of 1 to 3, returning unchanged starting material, epoxide 1 ( Table 1 , entries 1-5). The majority of transition-metal-derived catalysts did not affect the normal course of the ring expansion reaction significantly, and complete conversion into oxetane 3 was observed ( 
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cobalt salts investigated completely diverted the ring expansion to give homoallylic alcohol 4 ( Table 1 , entries 13-18). The only exception was hydrated cobalt(II) chloride that partially promoted the diverted reaction ( Table 1 , en-try 13), but the corresponding anhydrous salt gave full conversion to 4. The presence of a ligand did not appear to affect the catalytic behaviour of the cobalt catalyst (Table 1 , entries [16] [17] [18] . Both Jacobsen HKR cobalt(II) salen pre-catalyst and cobalt(III) salen 5 catalyst were effective.
The cobalt-catalysed epoxide olefination reaction proved to be broadly applicable among a range of substrates (Table 2) giving generally high yields of homoallylic products. Sterically demanding examples exhibited lower conversion rates, however (Table 2, entries 3-5). As might be expected, the original epoxide stereochemistry was retained in the products, confirmed by HPLC and Mosher ester analysis (Table 2, entries 1, 3, and 6). Given that the reaction conditions used in Table 2 are very similar to those of the Corey-Chaykovsky epoxidation of aldehydes, 7 the potential of a tandem epoxidation-olefination sequence was also evaluated (Table 3) . 8 Overall, the transformation proved successful, giving clean conversion into homoallylic alcohols from both aliphatic and aryl aldehydes ( Table 3 , entries 1-4) and ketones (Table 3 , entries 5 and 6) although a large excess of ylide and very long reaction times were found to be necessary to achieve this. Overall, the reaction mechanism likely follows the outline shown in Scheme 2. Initial ring-opening of epoxide 1 by sulfoxonium ylide 2 leads to intermediate betaine 6, that then cyclises to give ring-expanded oxetane 3, with the loss of dimethyl sulfoxide. In contrast, in the presence of cobalt salts, the reaction is diverted and 6 selectively undergoes a second addition of ylide 2, to afford homologated betaine 7 that in this case undergoes elimination to form homoallylic alcohol 4, similarly with the elimination of dimethyl sulfoxide. Interestingly, the seemingly plausible products of the converse processes, i.e. elimination from 6, or cyclisation from 7, have not been observed in these studies. In the tandem Corey-Chaykovsky/epoxide olefination sequence, the epoxide formation obviously requires an initial addition of ylide 2 to an aldehyde, although this extra step appears to significantly decrease the overall efficiency of the process.
The exact mechanistic details of the strong influence of cobalt salts on the reaction course remain unclear at present. Jacobsen cobalt(salen) HKR catalysts, including 5, have been demonstrated to accomplish asymmetric opening of meso epoxides and kinetic resolution of racemic terminal epoxides by the enantioselective addition of heteroatomic nucleophiles including azides 9 and carboxylates. 10 A num-ber of similar catalytic systems for closely related ringopening transformations of epoxides involving other heteroatomic nucleophiles have also been investigated. 11 In contrast, the application of related systems involving cobalt and/or salen-based catalysts to carbon nucleophiles is largely restricted to carbonylative epoxide openings, although these reactions are highly useful and have been relatively well studied. 12 In the context of these latter studies particularly, the successive addition of two equivalents of ylide 2 to epoxides under cobalt catalysis observed in this study is potentially significant, as both an important extension to known reactivity patterns and a mechanistic probe. In a series of reports detailing further improvements in catalytic systems for epoxide carbonylation, the Coates group propose a cooperative mechanism involving two metal centres. Coordination of the epoxide oxygen to a Lewis acid is suggested to promote epoxide opening by a low-valent cobalt species, followed by insertion of one of the carbonyl ligands into the Co bond (Scheme 3, A). 13 Interestingly, this catalytic cycle bears strong resemblance to intermediates of the bimetallic catalytic cycle thoroughly elucidated for HKR catalyst 5 and derivatives by Blackmond and Jacobsen (Scheme 3, B) . 14 This latter work also identified the strong effect of the relative concentration of poorly Lewis acidic (salen)Co-OH species on the efficiency of hydrolytic epoxide opening. It is plausible that a similar issue explains the observed partial ability of CoCl 2 ·H 2 O to divert the course of the epoxide ring expansion ( Table 1 , entry 13). 15 Sulfoxides are well-known ligands for transition metals and many metal-sulfoxide complexes are known. 16 This might suggest that coordination of ylide 2 to cobalt could play a crucial role in delivering the nucleophile to an epoxide already activated by a second cobalt centre. 17 
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Alternatively, sulfoxonium and sulfonium ylides form an emerging class of transition-metal-carbene precursors that behave as α-diazocarbonyl equivalents in C=C, C-H, and X-H insertion reactions. 18 This suggests the possibility that association of ylide 2 with the cobalt catalyst might lead to formation of an intermediate cobalt carbene species that could potentially undergo insertion into the epoxide substrate, following activation by a second cobalt centre. Related catalytic cycles involving dimethylsulfoxonium ylides have been proposed for gold-and iridium-based systems. 19 Further, an unusually stable example of a high-valent carbene complex of the type that might be required for this mechanism was recently prepared and characterised by Xray crystallography. 20 Notably in this report, attempts using the same methodology to form the corresponding iron complex were unsuccessful.
In conclusion, it has been demonstrated that cobalt salts catalytically divert the expected course of the reaction of epoxides with sulfoxonium ylides. Evaluation of other transition-metal catalysts has to date shown that only cobaltbased catalysts possess this activity, which provides synthetically useful access to enantiopure homoallylic alcohols. The reaction is an unusual example of cobalt(salen)catalysed epoxide ring-opening by a carbon nucleophile. Continuing efforts are underway to elucidate the mechanistic aspects and further implications of these findings including kinetic studies, identification of reaction intermediates and extended reaction scope.
All reactions were performed under an atmosphere of O 2 -free N 2 using standard anhydrous techniques. Reagents were used as received unless otherwise noted. t-BuOH was distilled from CaH 2 and stored over molecular sieves (3 Å) under a N 2 atmosphere. Other solvents were dried by passage through a column of activated alumina under N 2 using an LC Technology solvent purification system. Yields refer to chromatographically and spectroscopically homogeneous materials, unless otherwise stated. Reactions were monitored by TLC carried out on silica gel plates using UV light as visualising agent and an ethanolic solution of vanillin and ammonium molybdate and heat as developing agents. Silica gel (60, 230-400 mesh) was used for flash column chromatography. Petroleum ether = PE. NMR spectra were recorded at rt in CDCl 3 on a spectrometer operating at 400 MHz ( 1 H). Epoxide substrates were prepared by literature methods. 6 
Olefination of Epoxides (Tables 1 and 2); General Procedure A (GPA)
A stirred suspension of epoxide (1 equiv), (S,S)-N,N′-bis(3,5-di-tertbutylsalicylidene)-1,2-cyclohexanediaminocobalt(II) or test catalyst (0.05 equiv), trimethylsulfoxonium iodide (3 equiv), and t-BuOK (3 equiv) in t-BuOH (10 mL/mmol epoxide) was heated at 60 °C for 4 h. The mixture was allowed to cool to rt, quenched by the addition of sat. aq NaHCO 3 solution and extracted with Et 2 O. The combined organic extracts were dried (anhyd MgSO 4 ) and concentrated in vacuo.
Tandem Corey-Chaykovsky/Epoxide Olefination (Table 3); General Procedure B (GPB)
A stirred suspension of aldehyde (1 equiv), (S,S)-N,N′-bis(3,5-di-tertbutylsalicylidene)-1,2-cyclohexanediaminocobalt(II) (0.10 equiv), trimethylsulfoxonium iodide (10 equiv), and t-BuOK (10 equiv) in t-BuOH (10 mL/mmol epoxide) was heated at 60 °C for the time indicated. Products were isolated using the workup as described for olefination of epoxides above and purified by chromatography (silica gel, EtOAc/PE) or identified from crude NMR spectra by reference to literature data.
1-Phenylbut-3-en-2-ol (Table 3, Entry 1)
Obtained from benzaldehyde (30 mg, 0.28 mmol) using GPB and purified by chromatography (PE/EtOAc, 1:2) to give an orange oil; yield: 37 mg (89%). 
Non-1-en-4-ol (Table 3, Entry 2)
Obtained from hexanal (30 mg, 0.30 mmol) using GPB and purified by chromatography (PE/EtOAc, 12:1) to give a yellow oil; yield: 36 mg (83%). 1 H NMR (400 MHz, CDCl 3 ): δ = 5.86-5.78 (m, 1 H), 5.15-5.11 (m, 2 H), 3.66-3.63 (m, 1 H), 2.34-2.27 (m, 1 H), 2.17-2.10 (m, 1 H), 1.47-1.22 (m, 8 H), 0.89 (t, J = 6.9 Hz, 3 H). Spectroscopic data were in agreement with those previously reported. 22 
1-(3,5-Dimethoxyphenyl)but-3-en-1-ol (Table 3, Entry 3)
Obtained using GPB from 3,5-dimethoxybenzaldehyde (30 mg, 0.18 mmol) and purified by chromatography (PE/EtOAc, 5:1) to give a yellow oil; yield: 23 mg (61%). 1 H NMR (400 MHz, CDCl 3 ): δ = 6.52 (d, J = 2.0 Hz, 2 H), 6.38 (t, J = 2.2 Hz, 1 H), 5.89-5.76 (m, 1 H), 5.20-5.13 (m, 2 H), 4.68 (dd, J = 7.6, 5.1 Hz, 1 H), 3.80 (s, 6 H), 2.56-2.43 (m, 2 H). Spectroscopic data were in agreement with those previously reported. 23 
1-(4-Bromophenyl)but-3-en-1-ol (Table 3, Entry 4)
Obtained using GPB from 4-bromobenzaldehyde (30 mg, 0.16 mmol) and purified by chromatography (PE/EtOAc) to give a colourless oil; yield: 25 mg (68%). 
1-Allylcyclohexan-1-ol (Table 3, Entry 6)
Obtained using GPB from cyclohexanone (50 mg, 0.51 mmol) and purified by chromatography (PE/ EtOAc) to give a yellow oil; yield: 55 mg (85%). 1 H NMR (400 MHz, CDCl 3 ): δ = 5.94-5.83 (m, 1 H), 5.16-5.08 (m, 2 H), 2.23-2.20 (m, 2 H), 1.57-1.29 (m, 10 H). Spectroscopic data were in agreement with those previously reported. 21
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